The present study demonstrates a chemometric approach to identify the significant factors influencing the reverse phase high performance liquid chromatography (RP-HPLC) determination of metaxalone in bulk and pharmaceutical dosage forms. The combined effect of buffer pH, % organic phase and flow rate, each at three levels was screened for responses such as retention time, tailing factor and number of theoretical plates. The responses were statistically optimized with the aid of response surface methodology using Box-Behnken experimental design (BBD). Phosphate buffer (pH 5): acetonitrile (41.74: 58.26 v/v) as eluent pumped at 0.8 ml/min flow rate was found to be the optimal condition to attain desired responses. The optimized method was further validated with respect to linearity, precision, accuracy and sensitivity according to the current regulatory requirements. Finally, the developed experimental design was validated by statistical analysis using one-way ANOVA showed that the proposed method was simple, sensitive, robust and represents an improvement over the existing methods for routine analysis of the metaxalone.
INTRODUCTION
Metaxalone (MTX), a 2-oxazolidinone derivative (5-(3, 5-dimethylphenoxymethyl)-2-oxazolidinone) with skeletal muscle relaxant activity [1, 2] is shown in Figure 1 . Analytical methods using RP-HPLC [3, 4] ; liquid chromatography mass spectrometry (LC-MS/MS) [5] [6] [7] and ultra-violet (UV) spectroscopy [8, 9] has been successfully reported for MTX quantification. However, none of them adopt systematic statistical optimization; rather those methods pursued traditional approach i.e. varying one factor at a time, while keeping the others constant. Since, the RP-HPLC method optimization is a complex process, variety of parameters and chemical factors such as mobile phase pH, buffer concentration, flow rate, column temperature, detector wave length, etc., are to be simultaneously monitored to achieve separation selectivity and other performance criteria [10] . Moreover, the traditional approach based on trials and error methodologies are inefficient and timeconsuming and may not be able to identify the optimal condition [11] [12] [13] [14] . Recently, Sahu et al., 2013 screened column temperature, buffer pH, and buffer concen-*Address correspondence to this author at the SIMS Group of Institutions, SIMS College of Pharmacy, Mangaladas Nagar, Vijayawada Road, Guntur-522 001, Andhra Pradesh, India; Tel: +91-7702247710; Fax: +91-863-2321686; E-mails: swain_suryakant@yahoo.co.in, suryakantarips@gmail.com tration in a chemometric-assisted stability-indicating RP-HPLC method to achieve desirable separation of MTX and its base hydrolytic impurities [15] . Although the above-mentioned factors play major roles, the significant influence of % organic phase and flow rate in analysis of MTX and its related substances were missing. Keeping this view in mind, an improved RP-HPLC method was proposed to investigate the combined effect of buffer pH, % organic phase and flow rate on the chromatographic separation of MTX employing BBD [16] . The method was validated to test the suitableness of the mathematical model to determine the robustness of the RP-HPLC separation. Further, the system suitability test (SST) limits were derived from the robustness test results.
EXPERIMENTAL WORK Apparatus
The experiments were conducted using an HPLC system comprising of two LC-20AD pumps, an SPD-M20A diode array detector with a manual injector (all from Shimadzu, Kyoto, Japan). Chromatographic separation was achieved on a reverse-phase WatersXTerra C18 analytical column (250x4.6 mm; 5μm). The chromatographic data integration acquired using LCSolution software (Shimadzu, Kyoto, Japan) was recorded on a computer system.
Materials and Reagents
Metaxalone (99% purity) was procured from Aurobindo Pharma, Hyderabad, India. Glass-distilled and de-ionized water (Nanopure, Bransted, USA) was used throughout the experiments. Acetonitrile (HPLC grade) was purchased from Merck (Mumbai, India). Potassium dihydrogen phosphate, disodium hydrogen phosphate, glacial acetic acid, sodium hydroxide, potassium hydroxide etc. (all of analytical grade) purchased from S.D. Fine Chemicals (Mumbai, India) were used.
Preparation of Standard and Working Solution
Standard stock solution (1mg/ml) of MTX was freshly prepared using acetonitrile. For the development and optimization of RP-HPLC method, working standard solution (50μg/ml) was made by diluting the stock standard solution with acetonitrile.
Preparation of Buffer Solutions
Since, pH was opted as one of the independent factor during method optimization phase; phosphate buffers of three different pH values (4.0, 5.0 and 6.0) were prepared according to Indian Pharmacopeia (2014) and used as a part of mobile phase composition. (i) In order to prepare buffer pH 4.0, 5.04 g of disodium hydrogen phosphate and 3.01 g of potassium dihydrogen phosphate were dissolved in 1000 ml water and final pH was adjusted to 4.0 with glacial acetic acid. (ii) For buffer pH 5.0, 6.8 g of potassium dihydrogen phosphate was suspended in 1000 ml of water and pH adjusted with 10M potassium hydroxide. (iii) For preparing buffer pH 6.0, 50.0 ml of the 0.2M potassium dihydrogen phosphate and 5.6 ml of 0.2M sodium hydroxide were placed in a 200 ml volumetric flask and the volume was made up with water.
Optimization Method
Response surface methodology (RSM) was used to recognize the significant factors influencing the elution of MTX in the proposed RP-HPLC method. Factors for instance buffer pH, % organic phase (acetonitrile) and flow rate; each at three levels (low, medium and high) were monitored for the observed responses such as retention time (min.), theoretical plates and tailing factor. The above responses were optimized using a statistical program via multiple response algorithms. Optimal condition was established along with the robustness of the method using BBD.
Development of Experimental Design
RSM as a chemometric approach was applied using Box-Behnken experimental design to find optimum combined influence of pH, % organic phase, and flow rate, each at three levels. The effects of the three independent factors together with their interactions on three responses (retention time, tailing factor and number of theoretical plates) as dependent factors were scrutinized. The second order polynomial (regression) equation was used to signify the response surface and the value of coefficient was calculated using Design Expert 8.0.4 (Stat-Ease Inc., U.S.A) software. Statistical comparison within variables was carried out by one-way ANOVA. A p-value of less than 0.05 was considered to be statistically significant. The following facts were taken into consideration while choosing buffer pH, % organic phase and flow rate as factors to identify the optimum chromatographic conditions:
1. pH: pH value of the eluent is crucial when controlling the degree of interaction between a polar/ionic analyte and the free (residual) silanol groups on the surface of the stationary phase. This imparts the significant role of pH in influencing retention time, peak shape and peak area [17, 18] .
Organic phase (%):
A change in % B (organic phase) usually affects the relative retention and resolution of ionic samples. The pKa values of the sample are decreased as a result of an increase in % B and vice versa, which is equivalent to the raise in mobile-phase pH [17, 18] .
Experimental Trials
According to the Box-Behnken experimental design, 17 experimental trial runs were conducted for the three factors and their influence on the investigated responses was observed. The coded levels of variables and their values are depicted in Table 1 . 
Method Validation
The proposed method was further validated at the optimal condition obtained from the mathematical model. A series of solutions in the concentration range of 0.5-100 μg/mL were injected into the HPLC system so as to establish the linearity and range of the method. Calibration curve was obtained by plotting peak areas against the corresponding concentrations. Intra and inter-day precision and accuracy were assessed with three quality control samples (5, 50 and 100 μg/mL). Sensitivity of the method was evaluated with limits of detection (LOD) and quantification (LOQ) as signal-tonoise ratio of 3 and 10 respectively. Robustness of the method was determined by the experimental design and SST-limits were calculated. The SST-limits were determined by replicating experiments at the optimized conditions and defined as the upper or lower limit from the 95% confidence interval around the investigated response average [10] . Responses such as retention time and number of theoretical plates lead to the smallest results; hence lower limit would be chosen. Tailing factor typically provides the highest value, and it would be the upper one. The lower and upper limit confidence interval is calculated by using equation-1 and 2 respectively. 
RESULTS

Experimental Design and Data Acquiring
The response data for all the 17 experimental trial runs by BBD were performed in accordance with Table  2 to analyze the effect of three independent factors on the selected responses. The values for the investigated responses theoretical plates (N), retention time (tR) and tailing factor because of the combined factorial effects are denoted. The resulted chromatograms from the experimental runs are shown in Figure 2 .
Data Analysis
Analysis of variance (ANOVA) for the responses indicated that the assumed regression models are significant and valid for each of the responses (p <0.05) as shown in Table 3 . Response surface plots allow graphical visual observations that the regression analysis equations are significant. The resulted second-order polynomial equations for all three responses are presented in Table 4 .
Evaluation of Response Sensitiveness by Perturbation Plots
The resulted perturbation plots (Figure 3) shows the effect of an independent factor on a specific response, while remaining factors held constant at a reference point. A steepest slope or curve specifies response sensitiveness to the particular factor. Figure 3 shows % organic phase (B) had a maximum effect on all the three responses.
Formation of 3D Response Surface Plots
Three-dimensional (3D) plots for the selected responses were formed based on the polynomial model to assess the change of the response surface. Moreover, these are helpful to understand the relationship among the dependent and independent factors. Since the proposed model has more than two factors, one factor was kept constant for each plot. Response surface plots for the interaction effect of pH of buffer and % organic phase (AB); pH of buffer and flow rate (AC); and % organic phase and flow rate (BC) on various responses like retention time (tR) (Figure   4(i) ), tailing factor (TF) (Figure 4(ii) ) and theoretical plates (N) (Figure 4(iii) 
Optimization and Validation
Optimization of the proposed study was performed based on the following response criteria: (i) minimum analysis time, (ii) good tailing factor, and (iii) increased number of theoretical plates. The response surface plots conclude that the optimum condition of separation can be achieved by a critical negotiation between various responses and the combination of factorial levels. Two methods used for optimization of the model are: (a) mathematical and (b) graphical [19] . For mathematical optimization, the predictability of the proposed method was examined using the equation 3:
………… (3) Five check point solutions were obtained for experimentation. The percent prediction error (P.E.) were calculated and found a close agreement between the observed and predicted responses ( Table 5 ). The minimal P.E. equal to 0.827571, -0.27235 and -1.10808 for retention time, tailing factor and number of theoretical plates, respectively were concluded as the desired responses. The graphical method was based on contour overlay plot ( Figure 5) . The optimal conditions confirmed by the overlay plot were: phosphate buffer (pH 5.0): acetonitrile (41.74:58.26 v/v) and flow rate of 0.8 ml/minute. The chromatogram obtained at the above condition for assay of MTX is revealed in Figure 6 . The graphical examination of response desirability of the method is enumerated in Figure 7 . It describes an overall (combined) desirability of 0.690 achieved at the defined conditions. Where, A is buffer pH, B is %ACN and C is flow rate. 
Validation of the Assay Method
The method was found to be linear within concentration range of 0.5-100.0 μg/mL of the drug. Intra and inter-day precision and accuracy at three different concentrations, i.e. 5, 50 and 100μg/mL were depicted in Table 6 . The mean recovery from commercial tablet formulation was found to be >99.56% ( Table 7) . The LOD and LOQ values of 100ng/mL and 300ng/mL respectively describe the sensitiveness of the method. The SST-limits ( Table 8) are derived from the robustness test results studied by the experimental design.
DISCUSSION
The ANOVA data suggested that positive sign of the coefficient shows synergistic effect; whereas the negative sign represents an antagonistic effect. From the obtained polynomial equations, it was found that the contribution of % organic phase (B) is more significant than flow rate and buffer pH for all the three selected responses. The retention time was significantly affected by the antagonistic effect of (B) and the synergistic effect of the quadratic term of (B) along with interaction of (B) and flow rate (C). The factor (B) had a profound synergistic effect on tailing factor and theoretical plates. The interaction of (AB) and quadratic term of (A) had a considerable synergistic effect on tailing factor. The theoretical plate was significantly influenced by the synergistic effect of (B) and quadratic term of (C), while have major antagonistic effect by the interaction of (BC). Rising levels of B result an increase in retention time (antagonistic effect) and number of theoretical plates (synergistic effect); however, decrease the tailing factor (synergistic effect). Most of the observed response surfaces formed hillsides with small curvatures except Figure 4 (ii) A and B and Figure 4 (iii) B indicated that all the factors have independent contribution towards the elution of the compound. Figure 4 (i) exhibits that retention time varies in a slightly curved linear descending order (Figure 4(i) A-C). However, it is illustrated that tailing factor (Figure 4 (ii)) alters in a linear ascending manner (Figure 4 (ii) A and C), whilst no or negligible effect in (Figure 4(ii) B) . In Figure 4 (iii), it is well shown that number of theoretical plates differs in a linear ascending model (Figure 4 (ii) A and C). The Figure 4 (ii) A and B (tailing factor) and Figure 4 (iii) B (theoretical plates) formed response surface plots with large curvatures confirms that they were mostly influenced by the interaction effects of the respective factors. Therefore, buffer pH 5.0, 58.26% acetonitrile at 0.8 ml/min flow rate was identified as optimal to produce the desirable responses with minimum mean percent prediction error. At the optimum condition, retention time of 6.3123 min, tailing factor of 1.483, number of theoretical plates of 6079.43 were observed. The overlay plot is comprised of the contour plots from each response superimposed on each other. The optimum experimental condition was indicated by the yellow colored area. In this region, metaxalone was eluted in less than 10 minutes with good tailing factor and maximum number of theoretical plates. The optimal conditions confirmed by the overlay plot were: phosphate buffer (pH 5.0): acetonitrile (41.74:58.26 v/v) and flow rate of 0.8 ml/minute. The desirability of 0.690 was observed from the validation of experimental design. The RP-HPLC method was found to be linear, precise, accurate, sensitive and robust embodying an improvement over the existing methods to fulfill current regulatory requirements.
CONCLUSIONS
A chemometric approach was customized to develop an improved isocratic RP-HPLC method for the determination of metaxalone in bulk and tablet dosage form. A response surface methodology with the aid of Box-Behnken design was efficiently employed to identify buffer pH, % organic phase and flow rate as significant factors influencing the chromatographic elution of the drug. Phosphate buffer (pH 5.0): (42:58) at a flow rate of 0.8 ml/min was identified as the optimal condition by both mathematical and graphical methods. The method was found to be linear, precise, accurate and robust. Retention time of 6.23 min, tailing factor of 1.45, numbers of theoretical plate of 6143.15 were calculated as SST-limits from the robustness testing.
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